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Introduction
Philometrid nematodes (Philometridae) are pathogenic parasites infecting different body parts of freshwater, brackish-water, and marine fishes (Moravec, 2006) . With the remarkable size difference between the tiny males (up to 12 mm for Philometra katsuwoni Petter et Baudin-Laurencin, 1986) (Moravec, 2006) and large gravid females (up to 530 mm for Philometroides seriolae [Ishii, 1931] (Quiazon et al., 2010) ), most of the identified species are known only from female specimens. Currently, there are 29 philometrid species in Asia (including Piscinema barakense Gambhir et Ng, 2014 [species inquirendum] ) that infect freshwater fishes (from 6 genera: Clavinema Yamaguti, 1935 ; Dentiphilometra González-Solís, Moravec et Tuz Paredes, 2007; Dentirumai Quiazon et Moravec, 2012; Philometra Costa, 1845; Philometroides Yamaguti, 1935; Piscinema Gambhir et Ng, 2014 [genus inquirendum] ) and 45 species that infect marine and brackish-water fishes (from 7 genera: Buckleyella Rasheed, 1963; Clavinema; Clavinemoides Moravec, Khosheghbal et Pazooki, 2013; Paraphilometroides Moravec et Shaharom-Harrison, 1989; Philometra; Philometroides; and Spirophilometra Parukhin, 1971 ) (Gambhir & Ng, 2014; Moravec, 2014; Moravec & de Buron, 2013; Moravec & Ali, 2014; Quiazon & Yoshinaga, 2013) . Philometrid nematodes affecting fish reproduction belong to the genus Philometra. In Japan, the discovery of males of the gonad-infecting P. lateolabracis (Yamaguti, 1935) from the type host and locality resulted in further re-identifications of many previously misidentified P. lateolabracis from the other host fishes (Quiazon et al., 2008a; Moravec & de Buron, 2013) . The morphological differences among males compared to females are very useful for species identification, especially among congeneric species. Apart from P. lateolabracis, Quiazon et al. (2008a,b) also described for the first time, the male of P. nemipteri Luo, 2001 , and based on male morphology, they re-described P. sciaenae Yamaguti, 1941 and established three new species, P. madai Quiazon, Yoshinaga et Ogawa, 2008 , P. isaki Quiazon, Yoshinaga et Ogawa, 2008 , and P. sawara Quiazon, Yoshinaga et Ogawa, 2008 . The muscle-infecting philometrid Philometroides seriolae (Ishii, 1931) from the Japanese amberjack Seriola quinqueradiata Temminck et HELMINTHOLOGIA, 51, 3: 236 -245, 2014 Quiazon et al. (2010) . In Japan, the species Philometra thaiensis Moravec, Fiala et Dyková, 2004 was raised based solely on gravid female specimens collected from the abdominal cavity of two freshwater Tetraodon species, T. palembangensis Bleeker (type host) and T. fluviatilis Hamilton (Tetraodontiformes, Tetraodontidae) after their import from Thailand into the Czech Republic (Moravec et al., 2004) . Unfortunately, the male has remained unknown until now. Understanding the philometrid taxonomy through molecular approaches has not yet been fully explored. Wijová et al. (2006) performed pioneering research by providing phylogenetic analysis focusing on dracunculoid nematodes by using small subunit rRNA (SSU rRNA), although Wu et al. (2005) made a preliminary study on the phylogeny of 9 species of philometrids in China. Afterward, the number of molecularly examined genera (Afrophilometra Moravec, Charo-Karisa et Jirků, 2009; Alinema Rasheed, 1963; Caranginema Moravec, Montoya-Mendoza et Salgado-Maldonado, 2008; Dentiphilometra; Margolisianum Blaylock et Overstreet, 1999 [genus inquirendum]; Nilonema Khalil, 1960; Philometra; Philometroides; and Rumai Travassos, 1960) and species have increased (Černotíková et al., 2011; de Buron et al., 2011; Nadler et al., 2007; Quiazon et al., 2008a Quiazon et al., ,b, 2013 van Megen et al., 2009) . However, the examined gene region among these studies varies from SSU rRNA to the ITS region (ITS1-5.8S-ITS2) (Quiazon et al., 2008a,b) and cytochrome oxidase subunit 1 (de Buron et al., 2011) . Parasitological examination of an ornamental freshwater fish, the eyespot pufferfish Tetraodon biocellatus Tirant (Tetraodontiformes, Tetraodontidae), imported from Thailand into Japan in November 2011 and April 2012, succeeded in collecting tiny male and large female nematodes of the genus Philometra from the abdominal cavity of the fish. With the collection of possible male and female P. thaiensis and with available samples of gonad-infecting (Philometra spp.) and muscle-infecting (Philometroides seriolae) philometrids isolated from marine fishes off Japan by Quiazon et al. (2008a Quiazon et al. ( ,b, 2010 , molecular analyses on the SSU 18S rRNA gene sequences of these nematode were conducted to reveal their evolutionary relationships with other dracunculoids available in the GenBank.
Material and methods
The below philometrid specimens were isolated from different host fishes: Philometra species from the abdominal cavity of the eyespot pufferfish T. biocellatus (imported from Thailand to Japan as an aquarium fish) (Fig. 1A) ; Philometra species from the gonads of the Japanese seaperch Lateolabrax japonicus (Cuvier) (Perciformes, Lateolabracidae) (P. (Perciformes, Carangidae) . Only the samples isolated from eyespot pufferfish were subjected to detailed morphological examinations using light microscopy (LM) and scanning electron microscopy (SEM), followed by molecular examination, whereas philometrid samples previously reported by Quiazon et al. (2008a Quiazon et al. ( ,b, 2010 were directly processed for molecular examination.
Morphological studies
The collected nematodes were washed in a physiological saline solution, followed by fixing in 70 % ethanol. Both LM and SEM were used for morphological examinations. For LM examination, the 70 % ethanol-fixed samples were cleared in glycerin, followed by mounting of the whole individual nematode on a glass slide. Some morphological features difficult to study by LM were examined using SEM. Briefly, the 70 % ethanol-fixed specimens were post-fixed in 1.25 -1.50 % glutaraldehyde, post-fixed in 1 % osmium tetroxide (in phosphate buffer), and dehydrated through a series of ascending ethanol concentrations. Samples were subjected to three changes of absolute butyl alcohol and freeze-dried. Freeze-dried samples were subsequently sputter coated with gold and observed under a scanning electron microscope (SEM S-4000, Hitachi, Japan) at an accelerating voltage of 10 kV. Drawings of the nematodes were made with the aid of an Olympus photomicroscope (Olympus, Tokyo, Japan) and computer software (CorelDRAW® Graphics Suite -Version 12.0). Voucher specimens were deposited at the Meguro Parasitological Museum, Tokyo (M.P.M. Coll. No. 20901). All measurements are in micrometres unless otherwise stated. The fish names follow FishBase (Froese and Pauly, 2014) .
Molecular studies
The genomic DNA of five samples of 99.5 % ethanol-fixed worms (1 male and 4 females) was extracted using a DNeasy™ Tissue Kit (Qiagen, Hilden, Germany) (protocol for animal tissues). Amplification of the SSU 18S rRNA gene was carried out using forward primer D-1F (5′-GCCTATAATGGTGAAACCGCGAAC-3′) and reverse primer D-1R (5′-CCGGTTCAAGCCACTG CGATTA-3′) (Wijová et al., 2006) . The PCR assay was performed with 1 μL sample of DNA as a template in a total volume of 20 μL that contained 0.6 μL forward and reverse primers, 14.1 μL DDW, and 3.7 μL Taq mix (containing 0.1 μL TAKARA Ex Taq™ HS; 2 μL [10×] Ex Taq Buffer; and 48 μL dNTP mixture) (Takara Bio Inc., Otsu, Japan). PCR was performed using an iCycler™ (Bio-Rad Laboratories, Tokyo, Japan) following previously described methods (6 cycles of 95 °C for 1 min, 44 °C for 1 min, and 72 °C for 2 min, followed by 24 cycles with the annealing temperature increased to 48 °C) (Wijová et al., 2006) . All sequencing reactions were carried out using the BigDye terminator kit version 3.1 and resolved with an ABI 3730XL genetic analyzer (Applied Biosystems, Japan). Molecular analyses of the partial sequences obtained were carried out using BioEdit version 7.0.4.1 (Hall, 1999) and MEGA 6 software (Tamura et al., 2013) . Estimation of genetic distance and construction of evolutionary relationships among dracunculoids (Neighbor-Joining [NJ] tree) was carried out using Kimura 2-parameters (K2P) mode (complete deletion, bootstrap method, MEGA 6). The partial sequences were deposited and made available in the GenBank under accession numbers KC894067-KC894071, FJ155811, and FJ161971-FJ161975.
Results

Morphological study Philometridae Baylis et Daubney, 1926
Philometra thaiensis Moravec, Fiala et Dyková, 2004 (Figs. 1 -3) Male (3 specimens) Body filiform, whitish, tapering at rounded posterior end; body tapers from mid-portion of body to anterior end near nerve ring area and slightly bulges at anteriormost end. Body 2.5 -3.0 mm long; maximum width at mid-portion 
Comments
There is a high degree of host specificity among philometrid species, wherein species are characterized morphologically, including their location in the host (Moravec, 2006 Except for P. balistii, which infects the oculo-orbits of its fish hosts, these Philometra species were located in the abdominal cavity of their host fishes, all belonging to the family Tetraodontidae (Moravec, 2006; Moravec et al., 1992; Moravec et al., 2004; Moravec & Justine, 2008; Moravec et al., 2012 ). In the current study, another freshwater ornamental fish, the eyespot pufferfish from Thailand, was found to be infected with nematodes belonging to the genus Philometra. Based on the total body length of females alone, the worms from the current study (25 -43 mm in length) were not those of P. balistii (110 -210 mm), P. pellucida (132 -360 mm), or P. robusta (275 -450 mm). In spite of similar total body sizes to P. lagocephali (52.6 mm) and P. javaensis (33 -54 mm), the current samples were neither the former nor the latter species because of the following major differences: host's environment (freshwater vs. marine); oesophageal gland (not well demarcated, rather small vs. large [P. lagocephali]); amphids (hardly visible vs. large [P. lagocephali]); and distance of cephalic papillae of external circle in each pair (closely located vs. relatively far [P. javaensis]). In this regard, the current female philometrids were morphologically confirmed to be P. thaiensis based on their morphological similarities with the reported gravid female of that species (Moravec et al., 2004 (Moravec et al., , 2012 Moravec & Justine, 2008) . Although the males were not found from the host fishes by Moravec et al. (2004) , the identity of the site of infection (abdominal cavity), the same country of origin (Thailand), aquatic environment (freshwater), and the genus of the host fish (Tetraodon), in addition to the considerable morphological similarity of P. thaiensis described (Moravec et al., 2004) , indicate that the species of Philometra males from the eyespot pufferfish is P. thaiensis. Hence, this study reports P. thaiensis for the first time from the eyespot pufferfish, which is a new host record. In addition, further morphometrical data presented for female P. thaiensis extend the intraspecific variability of this species. Since no Philometra males have been reported from any of the above-mentioned tetraodontiform fishes, the male P. thaiensis cannot be compared morphologically.
Molecular study
Molecular data on the SSU 18S rRNA confirmed that the males isolated from the eyespot pufferfish were genetically similar to morphologically identified female P. thaiensis. In addition, molecular examinations of five Philometra species (P. lateolabracis, P. madai, P. nemipteri, P. sawara, and P. sciaenae) and one Philometroides species (P. seriolae) from the current study revealed their evolutionary relationships with P. thaiensis and other reported dracunculoids in the GenBank. Based on the generated evolutionary (NJ) tree, the six Philometra species examined grouped into one major clade with very low genetic variations among each other (K2P value of 0.000 -0.006; nucleotide bases difference of 0 -4 bp) ( Fig. 4; 1 Table 2 ). Generally, the NJ trees showed no clear separation between the genera Philometra and Philometroides, whereas there were Philometra species (P. clavaeceps, P. cyprinirutili, P. diplectri, and P. ovata) that joined the clade of Philometroides species. It was also observed that the positions of the genus Margolisianum (genus inquirendum) and the genera Clavinema, Caranginema, and Afrophilometra are in the Philometra/Philometroides groupings, which indicates that either these genera are possibly closely related to the genus Philometra or Philometroides, or these genera cannot be clearly differentiated using this gene region.
Discussion
Morphological and molecular data confirmed that the male Philometra species isolated from T. biocellatus is that of the reported P. thaiensis from its type host T. palembangensis and T. fluviatilis (Moravec et al., 2004) . Sometimes it is difficult to morphologically differentiate closely related species, relying mainly on female specimens, leading to taxonomical confusion and misidentifications. Although no philometrid males have previously been described from the reported tetraodontiform fishes, morphological differences among females are sufficient to verify that the examined Philometra species from T. biocellatus is P. thaiensis. With the discovery of additional Philometra species from tetraodontiform fishes, relying on female specimens would not be enough, thus requiring the discovery of conspecific males for species comparison and identification. On the other hand, Quiazon et al. (2008a,b) have reported five gonad-infecting Philometra species (P. lateolabracis, P. madai, P. nemipteri, P. sawara, and P. sciaenae) from Japanese waters, where taxonomic positions based on the molecular data on the ITS region have been examined. Since ITS sequences for other dracunculoids are limited, molecular examinations of these Philometra species targeting the SSU 18S rRNA have revealed their evolutionary relationships with other dracunculoid species available in the GenBank. Molecular taxonomy has raised some major points regarding the taxonomical positions of some genera within the dracunculoids. Despite the diverging ideas among different reports on the taxonomical relationship between Philometra and Philometroides species, a common conclusion remains that the genera Philometra and Philometroides should be re-evaluated and that the importance of using molecular tools in parallel with morphological identification cannot be overemphasized for philometrids (Moravec 
